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FOREWORD

This report was prepared by Nord Aviation, France under
Contract AF 61(052)-750 initiated under Project No. 3012,
Task No. 301203. The work was administered under the direction of
the Air Force Aero Propulsion Laboratory, Turbine Engine Division,
with Isak J. Gershon as project engineer.

The publication of this report does not constitute
approval by the Air force of the findings or the conclusions
contained herein. This report has been reviewed and is published
only for the exchange and stimulation of ideas.

o

E. C. Simpsfn
Chief, Turbine Engine Division

Air Force Aero Propulsion Laboratory
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EXPERIMENTAL AND DESIGN STUDIES
FOR TURBO-RAMJET COMBINATION ENGINE

VOLUME 1 : SPECIFICATIONS AND PHRFORMANCE

NORD-AVIATION
DEPARTMENT "PROPULGEURS®

PARIS (CHATILLON)FRANCE

The research reported in this document has been sponsored by the AERONAUTICAL
SYSTEMSDIVTSION, AFSC, through the European Office of Aerospace Research, United
States Air Force. '



INTRODUCTION

3 . -

This study which can be considered as a follow up of the
previous contract (AF 61 (052) 670 TURBOFAN-RAMJET ENCINE STUDIES - May
1964)aims at pursuing the demonstration of Nord-Aviation's cosbined
turbofan-ramjet engine efficiency and feasibility within the Mach nuamber
range from 0 to 4.

The object of this contract is to define a combined engi-
ne around the dry section of turbofan SNECMA TF 106, selected at the
close of the preceding contract, and to establish a complete performance
characteristics systemup to Mach 4. An experimental part of this study
has for objet the design and testing of a combustion chamber function-
ning satisfactorily in the Mach number range from O to 4 up to 100 000
feet altitude and for a wvidespread range of equivalence ratio, in a
word cover.ng all the needs of propulsion of a highly supersonic vehicle,

We recall hereunder Nord-Aviation's histiorics in the
field of combined turboramjet engines.

Since 1951 Nord-Aviation started studying Ramjets and Com-
bined Turbo-Ramjet engines : definitions, development, manufacture,
bench and flight tests. In 1953 the Company designed tha Mach 2.2. expe-
rimental aircraft, namsd "GRIFFON". It was propelled by a combined turbo-
ramjet engine, 330 flights were carried out.

Studies on combined onginaa are pursued with the object
of extending the flight field up to high Mach numbers, the satisfactory
performance characteristics of the gas turbine enjines at the low and
moderate Mach numbers being however retained as well as those of the
ramjet at high Mach numbers. The latest studies were sponsored by the



AERONAUTICAL SYSTEMS DIVISION, AIR FORCE 3(GTEMS COMMAND, through the
European Office of Aerospace Research, U.S.A.F.

In the most advanced design, the axial cospressor turbo-
jet engine of the "GRIFFON" :s replaced by a front-fan engine, its jet
nozsle opening into the combined engine combustion chamber ; this ar-
rangesent affords, if necessary, afterburning of the primary flow. The
ram duct encompasses the ;uA turdbine engine ; the air surrounding the
fan is mizxed, in an annular chamber, with the secondary air delivered
by ths fan ; the resulting mized flow feeds the combustion chamber
vhose combustion system surrounds the rear end of the turbofan. Owing
to movable flaps located at the delivery end of the fan, it is possi-
ble to operate either in the pure turdofan configuration or in the
pure ramjet contfguration.

There are only one air inlet duct, and one exit nozzle
vhich is of the convergent-divergent type.

This powerplant can meet the propulsion requirements
of a supersonic interceptor, a long range supersonic boaber, a high
altitude reconnaissance aircraft, up to a Mach nusber for which the
kinetic heating protlems can be solved by the convenient selsction of
materials, of insulating techniques, or by the use of fuel as a heat
sink ; this is the Mach 3 to 4/4.5 category.

The use of cryogenica allows an extension of the use
of Nord-Aviation's coambined turbofan-ramjet engine up to hypersonic
flights, without modifying the basic configuration ; this engine could
seet the propulsion requirements of a hypersonir aircraft, or of a re-
utilizable air-breathing launcher.

The first contract, AF 6! (052)-479, with the A.RSC.,
U.S.A.F., was the object of a preliminary study of a combined engine
comiat'ing of a forward-fan engine and ramjet assesdly for a Mach 3
long range transport, the X 61 TURBO-RAMJET POWERPLANT - June 1961.
This combined engine wes based on a hypothetical turbofan adapted to



Mach 3, the characteristics of which had been supplied by WADD. This
study enabled us to reise most of the prodlems involved in the use of
a combined engine on a sujersonic aircraft.

The second contract, AP 6! (052) 570 (X 71 - TURBOPAN-
RAMJET POWEHPLANT - Pebruary 1962) describes the essentisl characteris-
tics of a combined engine built around an extrapolation of turbofan
PRATT AND WHITNEY JTP 10, for a Mach 3 supersonic transport. This study
proved that a combined engine based 2n an existing turbofan, adapted to
the subsonic flight, is quite satisfactory.

The third contract, AF 6! (052) ~ 670 (TURBOPAN-RAMJET
ENGINE STUDIES - May 1964), vas intended to prove the feasibility, and
the efficiency of the Nord-Aviation combined engine over a Mach range
fros 0 to 4.5. A theoretical part consisted in comparing three coabined
engines built around the following three turbofan engines : SNECMA TF
106, BRISTOL SIIDELEY PEGASUS S, PRATT AND WHITNEY TF 33 P 7 ; these
engines having satisfactory performance characteristics the adaptation
flexibility of the combined engine design was thus enhanced. Experimen-
tal vork carried cut made it possible to design a correct contour for
the turbofan sutsonic inlet and an efficient system for mixing the ram-
jet flow with the fan flow, and to establish the correct operation of
the common exit nozzle throughout the engine operational range.

The contract, object of this final report, AP-61 (052)
750 (EXPERIMENTAL AND DESIGN STUDIES FOR TURBO-RAMJET COMBINATION
ENGINE) is the continuation of the previous contract ; in fact, the
last two contracts can be ccnsidered as elements of the same study. It
should be reminded that the first part of this contract is meant to de-
fine a combined engine based on the SNECMA TF 106 turbofan, chosen at
the close of the previoaus contract : establishment of a general layout
of the combined engine and tracing of a complete performance charactem
istice chart up to Mach 4, for altitudes varying from 0 to 100,000
feet. The second part was experimental, its purposs was to define and
study a combustion chamdber covering the requirements of the following



field of flight : altitude from O to 100,000 feet, flight Mach number
from O to 4. The two-dimensional model represents a full-size sector of
an actual combustion chamber, The tests took place at Nord-Aviation 's
test center of LES GATINES and at the powerplant test center (Centre
d'Essais des Propulseurs, C.E.P.) of SACLAY,
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! - INTRODUCTION

This study is the continuation of the previous contract
(AF 61 (052) - 670) the object of which was to demonstrate the feasibil-
ity and the efficiency of the combined turbofan-ramjet engine designed
by Nord-Aviation, within the range of Mach numbers from O to 4/4.5.

In the theoretical part of the study, three combined
engines, built around three turbofans, either existing or under develop-
ment (SNECMA TF 106, BIISTOL SIDDELEY PEGASUS 5, PRATT AND WHITNEY TF
33 - P7), were compared in the following fields 1 specific weight,
overall sise, performance characteristics., A calculation program wvas
established from KEENAN AND KAYE's enthalpies tables (GAS 'PABLBS,“NQ).
These tables are limited in equivalence ratios ( £ 0.5) and in tezpers-
tures ( & 3,500° R), the enthalpies being independent of pressure
this simplified calculation program was however justified since the ~o-
ject of the study was to compare three difforent engines. The perfor-
mance characterintics were calculated for the following fiight conditiom :
atatic thrust, transonic flight at M, = 1.3, supersonic flight at
HO
tics were followed by a study of the operation range in the mixed flow
configuration, and by the performance characteristics calculation in

= 2.3, subsonic flight at M, = 0.8 ; these performance characteris-

the pure ramjet configuration. The comparison vas made for the same

value of the following ratio : thrust at Mach 3 in the pure ramjet
configuration / thrust at sea level atatic conditions, without after-
burning, in pure turbine engine operntion. A general layout for each
of the three engineswes given, .

The experimental part was provided for :

- studying the flov velocity plot in the vieinity of the
turbofan subsonic inlet in the three operating modes of the angine :
pure turbofan configuration, mixred flows configuration or pure ramjet
configuration.

10
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- studying the mixture of the fan and ras flows at the fan
outlet,

- otudying the interaction of a non-homogeneous flow upon the
performance charecteristics of the common exhsust nossle.

The specifie thrusts and the specific consusptions were
practicelly equivalent for the three cosbined engines studied, and the
theoretical study shoved the great flexidbility of adaptstior. of the
Nord-Avistion cosbined engine design., On the other hand, the combined
engine specific weight is directly comnected with the specific weight
of the basic turbofan. The experimentsl study made it possible

- to define a correct contour for the subsonic turbofan inlet
providing the rem dust or the fan with a very satisfactory feeding
throughout the engine opersting range.

- to define a very efficient systes for mixing of the ramjet
and fan flows over a short length.

- to show the correct operation of the common exit nozzle.

The purpose of the present contract, AP 61 (052) - 750,
is to continue demonstrating the feasibility and efficiency of the
Nord-Aviation cosbined turbo-ramjet engine.

The object of the theoretical part is to establish a
complete performance characteristics plot for the X 81 combined engine
built around the SNECMA TP 106 turbofan which was chosen at the issue
of the previous study. A new and very complete calculation programs was
framed for this study ; this progras takes into account the effects of
the burnt gases dissociation inside the exit nozzle.and allowe the use

of éonpomnt efficiencies, obtained from tests ; a sub-program calcu-

lates the thermodynamic functions of the AIR/C o, system for all
equivelence ratios and pressures, with the temperatures reaching up to
9 000° R,

All the test results obtained under cover of the previ-
ous contract are introduced in the performance characteristics

1"
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calculations. The combustion efficieancies and the head losses of the
combustion systex were evaluated by relying on Nord-Aviation 's expe-
rience about the ramjet cosbustion chambers.(The cosbustion systes
tests were in rrogress at the time of the performance characteristice
calculetions) ; the concordance between these evaluations and the
results obtained during the combustion tests is excellent.

The chart of calculated performance characteristics
comprisee on the one hand, the acceleration ratings performance charac-
teristics covering the equivalent air speed range fros 300 kt to 800 kt,
up to altitude as high as 100,000 feet (the maximum Mach number is
equal to 4) on the other hand the reduced ratings without afterburming
co.ering the descent, holding and subsonic cruise flight conditions.
The laws of variation of the internal variable sections (fan exit ares
and common exit nozzle throat area) are defined. A general layout of
the engine is given, specifying in particular the cosbustion system
assembly as well as its air supply ducts.

An experimental part is devoted to the study of a coe-
bustion systeam over a largely extended equivalence ratio range, cover-
ing al) the possible requirements up to Mach 4 and for an sltitude
ranging up to 100,000 feet. This investigation is carried out on a two-
dimsnsional model representing a portion of an actual annular combustior
chamber.

The tests carried out at Nord-Aviation 's Test Center
of LES GATINES, with a single air supply, made it possible to define
ths combustion systes. Later on this system was tried and improved at
tro Centre d'Essais des Propulseurs at SACIAY ( a big Propulsion Test
Center rm by the Government), in an altitude and Mach number range
sore extended than that used at LES GATINES. The three operating modes
were simulated : turbofan flow alone, turbofan-ramjet mixed flow, ram-
Jet flow alone.

The combustion system thus defined is very satisfactory ;

12
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ite main features are : a great stadbility in a large equivalence ratio
range : from O.! to 1.2. The combustion efficiencies odtained were very
satisfactory, in spite of very severe test conditions : the simulated
flight range corresponds to low equivalent air speed (approx. 400 Kkt)

up to flight Nach mumbere equal to 4, and altitudes on the order of
100,000 feet ; in a flight range relating to higher equivalent air spemeds,
the combustion system should give better efficiencies than those obtai-
ned. An additional tent prograa would be necessary in order to explore
all the possidilities of this combustion system.

2 - GRGRAL DESCRIFTION

The Bord-Aviation turbofan-ramjet combined engine is
essentially a co-exial arrangmment of a turbofan(of the forward-fan
type) vith a ramjet combustion chamber, which permits to operate either
in the pure turbofan configuration, or in the pure rsmjet configuration
or again in the turbofan-ramjet mixed coafigurationm.

The variable geomstry air inlet is common ; the flows
througk the engine are exhausted through a variable geometry convergent-
divergent nozsle.

A part of the air flow captured by the air inlet is
spilled around the fan and is mixed with the turbofan secondary air
flow in an annuler duct ; the resulting mixed air flow feeds a combus-
tion chavber surrounding the turbofan rear section. The jet nossle,
fixed and short, permits to assure an afterburning of the primary flow.
The fan flow annular exit is controlled by flaps, which allow operation
in one of the three mddes described above : pure turbofan, pure remjet
or nixed flows mode. Pigure | illustrates schematically the various
components of the combined engine, without the eir inlet.

The pure turbofan operating mode is that of subsanic
speeds as well as that of transonic flights at high altitudea.

13
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The mixed flovs operating mode {s that of moderate supersonic flights,
the pure ramjet operating mode (turbofan running slow or stopped) being
that of high supersonic flights.

The performance characteristics of such a combined
engine are consequently : that of the basic turbofan with and without
afterburning at the subsonic and transonic speeds, and that of a ramjet
at ths high supersonic speeds.

In the combined engine cperating mode, the range of
vhich has an upper limit determined by the turbofan Mach number limita-
tion, the thrust is greater than that of each of the individual engines
vhen operating alone.

3 - DEFINITION OF THE X 81 COMBINED ENGINE

The combined engine, whose ““ormance characteristics
are pnrontcd in this report, is built around the oasic section of the
SNECMA TF 106 turbofan ; this is the X 81 combined engine. The TF 106
is an axial twin spool turbofan with mixed flows and a low by-pass ratio.

The geomstrical definition adopted is that resulting
from the study of the previous contract, AF 6! (052) 670 (see Vol. 3.1
CENERAL DTMENSIONS). The major overall dimensions were established by
satisfactorily compromising between :
- a minimu space-requiremsnt (length and largest cross-sectional
area)
- a saxisum efficiency of the mixer-diffuser-annular combustion
chamber ajsembly

- a maximum efficiency in the pure ranjet configuration.

This general definition is based upon the iata of a
ratio between thrust at Mach 3 (pure ramjet operation, the turbofan
being stopped) and ses level static thrust in the pure turbofan

14
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' ( configuration ; this mtio was dei:ned for ensuring an econoaical cruise
At Mach 3 for a supersonic transport aircraft. Th 4 ratio defines the
( air flow rate required for ensuring the econoxical flight at Mach 3,
i.e. it defines the annular combustion chamber air supply ducts. The
‘\ turbofan nozzle cross-section area vas defined at the conclusion of a
‘ parametric study under sea level static, and transonic conditions, in
( order to allow afterburning of the prizary flow in the pure turbofan
operating mode and in th- combined configuration with zized flows, while
{ optimizing the performance characteristics in sea level static conditions

and in transonic flight.

3-1 Major dimensions

‘ The major dimensions are as follows :
. - Combined engine length (without exit nozzle) 194 in.
“ - e » *  (with ex.t nozzle) 268 in,
- " » " outer diameter (combustion
( chamber station) 57.1 in.
) - Turbofan inlet diameter - 39 in.
{ - Combined eng.ne inlet inner diameter 51.2 in.
X - Cross-section area of the combustion chamber 12.6 sq.ft.
(, - Mizer throat cross section aren 3.6 sq.ft.
- Turbofan no:zle exit cross section area 4 sq.ft.

- Secondary*flow exit croas section area(at the

exit of the guide vanes) 2.1 sq.ft.
- Turbofan outer cross section area 2t the level
of the turbine flange 5.1 sq.ft

Fig. 2 represents a general layout of the X Bi

combined engine at the scale of 1,10 size.

3-2 Structure

The X B! corbined engine is divided into two

¥ ma jor parts.

g
¥
b
i
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Th front section, consi.:ting of the pasic section of tne TF 10+

turbofan, the annular comb .stion chamber air .upply 1scte, the
secondary ani ramjet 41r flows z1x.ng a,3%ex with its contrnla,
tne annular any primiry combustion sy.terswth t .eir 3.pply

circuits,

The rear section, conaisting o! the combuation chamber ani of the

va.iabja geomelry exit noz:le.

The juaction plane of these two sect:ons is ahead
of the turbofan no-z'e exit ; this permita clearingz the annular
combustion sy:itew éxternal flame holders, as we.l as those ¢f the
primary combustion system at the meparation between the front and

the rear parts,

3-¢-1 Front section

The general design of the basic turbofan 18 retai-
ned ; the structural assembly consistinz of the fan exit
gulde vanes is extended radially by a series of rigid arms
meant for attaching the direct air supply duct ; the varia-
ble position flaps of the mixing system, with their associa-

ted contirols, are fixed on this rigid assexbly.

A syster of links, existing on the basic turbofan
and adapted to the combined engine, placed at the level cf
‘he turbinesinlet, 1llows the attachment of the annular

duct outer casing and also allows t:e lonsitudinal and ra-

dial expansion of the gas generator. This links syster trans-

mits directly the transverse stresses, A strong outer frame
is placed at this level, it carries the engine major moun-
tings ; the longi‘udinal stresses of the gas generator are
conveyed to the major mountings by the rigid assembly at the
fan exit, and bty the annular duct outer casing.

At the front end, the direct air supply duct is

held b, a systex of links connected to the fan casing.
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The air supply duct structure is made of a thin
sheet reinforced through transversal corrugaticns ; this ou-
ter skin is flanged at tne front end with a frame ensuring
tightness with the air inlet difiuser ; two main frames
assure ine rigidity of this envelope : the front main frame
at tne level of the fan exit, and the main frame in close
proximity to the turbines, carrying the powerplant main

msountings.

The annular combustion system is attached to this
duct, upstream the main mountings frame with an articulation

point on the turbofan jet nozzle, allowing expans;on.

The afterburner system is attached to the exit
cone of the turbofan, with a flexible connection articulated

on the annular system.

The ancillary equipment necessary for the operation
of the turbofan and the combined engine is placed outside the
duct : accessory gear box, o0il tank, pumps, coolers, fuel

system regulators, etc.

Drawing B8-1/1 represents a scale 1/2 size, deta:i-
led, lengthwise cross section of the combined engine front
part.

Rear section

The combustion chamber is composed of an extermal

cylindrical envelope and of a two-part protection ring assem-
bly.

The exteinal envelope ends in an important frame
which takes the attachment fittings of the variable geometry
exit nozzle. An intermediate frame takes the attachment

fittings of the flap control rams of the exit nozzle.

17
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Internally, the envelope is fittea witn two-part
protection rings. These rings are r._gidly fixed at both ends
of combustion chamber and guided over their overlap by loca-
tor pins and springs that allov a certain degree of freedom,
compatible ¢ith the thermal expars:oun.

The convergent-divergent exit nozzle with varia-

ble geometry comprises two groups of movabl: flaps. The
kinematics is provided for modifying the configuration from
simple convergent to convergent-divergent and vice veraa.
These modifications are obtained by means of two circular
frames sliding on six slides connected to four groups of

rams. During their displacement, the rear flaps actuate mobile
caps that shut off the pressurized compartment comprised
betveen tne {laps and ‘he outer skin ; the purpose of this
compartment is to stop the ingress of hot gases, and to assu-
re the cooling of flaps.

3-3 Control system

The fuel control of the gas generator can be
retained. This control system keeps the turbine inlet temperature
at the value set in by the pilot. The regulator determines the cor-
responding fuel flow to bte injected in the turbofan combustion cham—
ber,

The afterburmming fuel controi determines the fuel
flow to be injected in the primary flow and in the annular flow,
1n terms of the exit nozzle cross-section area which is cont:olled
by the pilot, while maintaining the gas geunerator at the selected

operation rating.

18
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All the performance characteristics, with and
afterburning are calculated :
for standard atmospheric conditions
vith a "lov" beating value of 18,530 BTV/1b (10 350 k. cal/ks)
without air-bleed or power off-take
with a total pressure recovery law for the air inlet defined

( on Pig. 3, i.e.
N « P,/P =1 in subsonic flig?t
{ o P,/‘Po =1 - 0.075 (H. ="} -35 in supersonic flight
( (specification MIL - B - S008 B)
‘ - with the exit nozsle in the "simple convergent™ conf{iguratica
{ up to M, = 1.3, and "convergent—divergent™ for M,> 1.3, and,
in the latter case with a nozzle coefficient equal to 0.98.
( G 4-) Static thrust Performance characteristics
(.
(" RATINGS AIR FLOWRATE THRUST S.F.C.
1b/sec 1b 1b/1b.hr
{
With afterburning 237
( - ‘1‘8 = 3 600 °R 21,400 2.275
- Tg = 2 700 °R 18,400 1.705
l/
Without afterburning
\ - Maximur rating 235 11,500 0.585
.
(0
( 5
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4-2 Flight performance characteristics

4-2-1

4-2-2

Air mass flow

The zax:mum a:r aass flowv enterin: tne eng:ne is
deterxined by mears of Fic.! anid 5 which give tne nuxizuzx
air captire area at the upstreaa infinite, A..

Fig. ¢ gives ihe maximuz air ziss {lov in terms of
altitude (O<ZgH’ 000 ft) ana of the flicht ¥acr nuxter Y
(!, < 1.5). Afterbuming hns a smaall influence over tre engi-

ne air mass flow, the variation is less than 2,5 .

Fig. 5 gives the maximur engine a.r aa:s flow for
altitudes varying from ¢ 00. ft to 100 OOC ft and for flight
¥ach numbers coxprised betwren ' and 4. The graph is plotted
for an afterburning tezperature ejual to " #0C Y ; the air
mass flov in the rure racjet operation (¥ > 2.7} is not af-
fected by the afterburnins. The air streaz tibe was limited
to the cross-se~tion area at the lar-est diaaeter 7 the

enZine ; tnis roint is reached in the wvicinity of Mach !.0%,

rerformance characteristics without afterb.ming

The ge=neral perfortance cnaracteristics of tne
eng:ne witrout afterb.rning are il!lustrated on Fig. #,7, ©
and 9, under the form :

SPC = f(F) ; the flisht Vach nuzber i the ratio
TIT/’!‘ITm {tirbine 'nlet teaperature/maximuz tirt re inlet
tecperature) are snown 1s parameters.

These performince character stics aie r:ven for tne

fcllowing altitudes :
0 10 000 20 000 3€ 000 ft.

These performance characteristics are calcuiated

for the pure turbofan operating mode.

20
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Performince characteristics with afterburning

These performince characteristics cover, the Mach
nunber ruye from sea level stat.c conditions to Mach 4, for
altitudes varying from O to 100 000 ft. It comprises tne three
operatiny: modes of te enygine : pure turbofan mode, combined
enrine mode and pure ramjet mode. For the first two modes, the
performince characteriastics calculation is made at the miximum
rating of the turtofan ; for the third mode, the turbofan 18

stopped.

The performance cnaracteristics are given under the
form :
F = f(Mo); the specific fuel consumption (5FC) and the
afterburning terperature ('I‘e) are shown as paranmeters,

They arc calculated for the following altitudes :

Z2=0 Fig. 10
Z =10 000 ft Fig. N
= 20 000 ft Fig, 12
= 5 000 ft Fig. 13
€0 000 ft Fig. 14
=75 000 ft Fig, 15
3 =100 000 ft Fig. 1o

S
t

S NN
1]

4-3 Influence of the air inlet total pressure recovery

A relative variation of the air inlet total pressu-

re recovery, d 131/Po entails a ralative variation of the thrust

Rk,

dF/F and of the apscific fuel consumption d5PC/SFC, Fip. 17 ani 18

snow these variat ona tor flight lach numbers 3 and 4 in terms of

the afterburning temperat rw, TH'

21



For Mach 3, the varintions are calculated in as.u-
ming that tne velocity of the internal air flow is retained ; the
air capture area At the upstream infinite is then proportionate to

the total pre:sure recovery, P‘/Po.

For Mach 4, the variations are calculated in assu-
ming that the air capture area at the upstream infinite is constant;
a reduction of the total pressure recovery ratio increases the in-

ternal flow velocity.

Influence of the nozzle coefficient

In supersonic flight (M;> 1.3) the general perfor-
mance characteristics are calculated with the exit nozzle in the
convergent-divergent configuration. The expansion is assumed to be
complete, the groes thrust thus obtained is affected with a nozzle

coefficient ¥ made aqual to 0.98,

Fig. 19, shows the relative variations of the thrust
dF/F and of .he specific fuel consumption dSFC/3FC in terms of the
relative variations of the nozzle coefficient, d /¢ , and of the

afterburning teuwperature ‘!‘8.

Influence of the air bleed

Air can be bled for the ancillaries from the annular
airflow in the diffuser. The influence of this air bleed, J » Over
the performance characteristics during supersonic flights is shown
on Fig. 19, A being equal to the ratio between the bleed air flow
and the annular air flow.

5 - OVERALL DIMENSIONS - WEIGHT

The overall size of the comtined engine together

with the exit nozzle is shown on drawing 8-1/2.

22
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The weights and centers of gravity of the complete
engine with a standard equipment are given on Fig. 20, but the ingredients

contained in the engine systems are not included,

The total weight breaks down as follows :
- Turbofan : dry section without the outer envelops of the annular

duet + afterburning system

+ turbofan standard equipment 2 350 1b

- Mixer systenm :
Flaps, control items
Actuators 232 1b

Annular combustion system :
With attachment and pipes 246 1b

Outer envelope and fan fairing :
Structure included 462 1b

Combined engine equipment 110 1b

WEIGHT OF THE FRONT GECTION 400 1b

Combustion chaamber
Protection rings included 248 1b

Exit nozzle
Actuators and structure included 1 369 1b

WEIGHT OF TH: REAR SECTION 1_667 1b

TOTAL WEIGHT OF THE ENGINE 067 1b
R == =14 ===

23
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6 - INSTALLATION - HANDLING
£-1 Mounting system

Two mountihg plans are provided on each side of the

center of gravity.

The main mounting plan is situated on the second main
frame of the front section outer envelope.

The secondary mounting plan is locatei on the combustion

chamber rear frame which takes the exit nozzle attachment fittings.

Fig. 2!, shows the typical mounting caszes which must be
conceived to allow for the free expansion of casiags. Drawing

f-1/% gives a detailed view of the attachment points.

6-2 Hoisting - Handling

A certain number of hoisting points are provided for,
they allow ground handling of the complete engine or of the

various constituents of the propulsion system.

The location3s of these hoisting points are illustrated

on Fig. 22, Drawing £-1/4 shows a detailed view of these points.

7 - COMBUSTION TFSTS

The combustion tests resulted in the definition of a com-
bustion system having excellent operating characteristics within the

very severe flight range investigated : the test conditions correspond
to flights at low equivalent air speeds ( ~ 470 kt) i.e. flights at
very high altitudes. This system was tried up to Mach 4, for an altitu-
de close tn 100 000 ft,

The three operation modes have been 3irnvlated ;3 ramjet
flow alone, turbofan flow alone, turbofan and ramjet flows,

The table herebelow gives the combustion efficiencies

24



M*\

obtained during the tests, in conditions corresnonding to a flirht at
an equivalent air speed of 400 kt, at maximum thrust ra‘ing, and compa-
res the fisures obtained with those used in the calculations for the

performance characteristics.

Flight Mach number Altitude Combustion efficiency
Tests Calculations
165 50 000 0,65 0,77
2 63 000 0,30 , 0,80
245 73 500 0,86 0,855
3 81 500 0,91 0,89
3¢5 88 500 0,92 0,91
4 31 000 0,95 0.92

The agreement between the test resu.lts and the effi-
cienc; evaluations used in the calculations for the performance charac-
teristica.nm excellent, these evaluations were based on the Nord-Aviation

experience in the field of ramjet combustion chambers,

Jt should be noted that an improvement of the coabus-
tion efficiencies could be obtained in the zone of rich equivalence ra-
tios by modifying the distributor and the external injection grids, as
well as in the zones where the equivalence ratios are very lean by adap-
ting the fuel injection preasures to the small fuel flows required. In
addition, this combustion system tried under le:s severe conditions -
corresponding to flights at higher conventional speeds, i.e. flights at
lower nltit.des - can only give Letter efficiencies than those obtained

up to now,

This combustion system is characterized by its very

great stability over a widely extended equivalence ratio operating

25
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range (0.1 to 1.2).
ilsc it avnears that the actual heaa losses are very
close to the figures used ir the calculatioas,
To sur up, these tests hive enabled us -0 develop a fuil
scale coabustion :vatem showirg good efficiencies ir. very severm conii-

tions and over a ver. wide operating range, from Mach O to Macn 4.
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Figure 10
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Figure 11
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Figure 12
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Figure 13
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Figure 14
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Figure 18
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